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APPLICATION NOTE 
Ion Kinetic Energy Modulation for Improved 
Ion Trapping in Electrospray Ionization 
Fourier Transform Ion Cyclotron Resonance 
Mass Spectrometry 
C. L. Hendrickson, J. J. Drader, and D. A. Laude, Jr. 
Department of Chemistry and Biochemistry, The Umverslty of Texas at Aushn, Austm, Texas, USA 
A new technique for manipulating the kinetic energy distribution of electrospray ions that 
arrive at a Fourier transform ion cyclotron resonance trapped-ion cell is presented. Narrow 
kinetic energy distributions can complicate the selection of appropriate trapping conditions 
for electrospray ions and mtroduce charge dlscrimmahon i resulting mass spectra. Modula- 
tion of the applied skimmer potential controllably broadens the kinetic energy distribution, 
which improves the reproducibility of acquired spectra nd eliminates charge discrimination. 
Mass spectra of horse heart cytochrome c are presented to demonstrate the utility of the 
technique. For example, applied static skimmer potentials of 12 and 9 V yield charge state 
distributions ranging from [M + 19H] +19 to [M + 12H] +12 and [M + 15H] +15 to [M + 7HI +7, 
respectively. A 12 + 2 V, 100-Hz modulation of the skimmer potential yields an electrospray 
spectrum with cha~ge states that range from [M + 19H] ÷19 to [M + 7H] +7, which is more 
representative of the source distrlbuhon. (J Am Soc Mass Spectrom 1995, 6, 76-79) 
' n  electrospray ionization mass spectrometry [1-3] it 
has been established that there is a strong correla- 
.hon between the number of charges on an ion and 
ion kinetic energy [4-6]. Specifically, the kinetic energy 
per untt charge derived from the gas expansion scales 
inversely with the number of charges, m contrast o 
the kinetic energy per unit charge achieved as a result 
of applied fields, which is charge Independent. The 
effect of thts kinetic energy spread on electrospray 
spectra depends on the type of mass analysis em- 
ployed For example, the vast majority of electrospray 
mass spectra have been acquired by using quadrupole 
mass filters. Relatave abundances measured with these 
mstruments are largely independent of kinetic energy, 
so any kinetic energy-based iscriminatory effects 
would be expected to be minimal. However, these 
instruments do exhibit a limited upper mass range, 
and it is likely that electrospray mass spectra have 
tended to favor detection of the more tughly charged, 
lower mass-to-charge ratio ions [7]. 
The implementation of electrospray ionization on 
Fourier transform ion cyclotron resonance (FTICR) 
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mass spectrometers [8-12] has spurred an mcreasing 
awareness of kmetic energy effects on electrospray 
mass spectra This is because the potentml applied to 
the trapping electrodes of the FTICR trapped-ion cell 
must be tuned to the kinehc energy per charge of an 
arriving ion to confine the ion for detechon [13]. Dif- 
ferences m ion kmehc energy can actually be used to 
select between different protems or even between con- 
formahons of the same protem [6, 14]. 
Considerable ffort is usually made to reduce the 
kinetic energy spread of an electrospray ion population 
with the aim of increasing spectrometer senslhvity. 
With our spectrometer, which generates electrospray 
ions m a strong magnehc field, the need for elaborate 
focusing of ion trajectories is arrested and a very 
narrow kinetic energy distnbuhon of ions can be deliv- 
ered to the cell [14]. A difficulty often arises however 
m selecting appropriate conditions for trapping ions, 
especially when examining unknown samples. 
A solution that we have found for increasmg the 
reliability of ion trappmg is to modulate the potential 
applied to the skimmer of the electrospray source. The 
obvious advantage from our initial perspective was 
that the kinetic energy distribution of the electro- 
sprayed ions would be controllably broadened, thus 
simplifying the selection of trapping parameters. Al- 
though the improvement in reproducibility was re- 
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markable, we soon realized that a more important 
benefit was the elimination of charge-dependent ki- 
netic energy effects m the sampling of electrospray ion 
populahons. Previously we had proposed the more 
technically difficult process of reduction of the gas 
expansion contribuhon to the ion kinetic energy [14]. 
Modulation of the applied skimmer potential is a far 
simpler procedure which we believe guarantees that a 
more quantitahve representation of electrospray ions 
leavmg the source is delivered to the mass analyzer for 
detection. 
Experimental  
The electrospray ionization mass spectrometer used for 
all experiments i described in detail elsewhere [6, 9, 
14, 15]. Briefly, electrospray ions are formed at atmo- 
sphere in a Chalt-type source [16] positioned m the 
bore of a 3.0-T superconducting magnet. Differential 
pumping across a series of concentric vacuum cham- 
bers reduces the system pressure to 10 -9 torr at the 
trapped-ion cell positioned 15 cm away in the center of 
the magnet. Ion kmetic energy is determined by a 
supersonic gas expansion across the heated metal cap- 
illary and 250-1zm skimmer and by the potential ap- 
plied to the skimmer, which was typically in the 5- to 
15-V range. Typical trap potentials used to capture 
ions were between 5 and 10 V. Ions were excited by 
usmg a 70-Vp.p chirp swept at 400 Hz/p-s and 16k data 
points were digitized using a 600-kHz bandwidth. The 
resultmg transients were basehne corrected and zero 
padded prior to magnitude-mode Fourier transforma- 
Lion. 
The only modification to the spectrometer for the 
electrospray spectra to be presented was the addition 
of an ac voltage to the standard c skimmer potential 
This was accomplished by using the summing ampli- 
fier shown in Figure 1. The frequency of the ac poten- 
tial was variable from 0 to 100 kHz. For suitable 
kmehc energy broadening to occur, the period of the 
ac waveform was required to be less than the rejection 
lk.Q 21ff~ 
-DC 
2k.~ 5O 
~ to 
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Figure 1. Schematic diagram of the summmg amphfler used to 
modulate the apphed skimmer potenhal. Diodes between the 
output and the supply voltages and the 50-11 and 1-Mf~ res.stors 
protect he ampliher from any accidentally apphed voltages at 
the skimmer cone 
time, which was typically 200 ms For our purposes, 5- 
to 100-Hz frequencies were adequate. 
Results and D iscuss ion  
Presented m Figure 2 are representative electrospray 
FTICR mass spectra for horse heart cytochrome c with 
different potentials applied to the skimmer. The mass 
spectrum m Figure 2a was generated by using a 12-V 
skimmer potential with the trapping potential opti- 
mized for maximum FTICR signal. The symmetrical 
charge distribution centered around + 16 charges and 
ranging from + 19 to + 12 charges is representahve of 
those most often observed for cytochrome c on our 
instrument. However, if the applied skimmer potential 
is adjusted to 9 V, a very different electrospray spec- 
trum (shown in Figure 2b) is generated. In this case a 
collection of lower charge state ions extending from 
+ 15 to + 7 charges is observed. These spectra demon- 
strate lust how signihcant he charge dlscrlmmation 
can be in FTICR. It is mterestmg to note that a wide 
variety of charge state distributions of cytochrome c 
from the use of FTICR and other mass analyzers have 
been reported [1--3, 12, 13, 17-20]. 
Presented m Figure 2c is a spectrum of cytochrome 
c with a 4-Vp_p, 100-Hz ac potential added to the 12-V 
dc skimmer potential Conditions are otherwise identi- 
cal to those in Figure 2b. The range of applied skimmer 
potenhals from 10 to 14 V is evidently sufficient to 
generate a spread of kinetic energies to ensure that 
ions over a 13 charge state distribution achieve a 
kinetic energy per unit charge accommodated by the 
trapping conditions of the trapped-ion cell The sym- 
metrical charge distribution in Figure 2c retains the 
base peak selected in Figure 2a when trapping condi- 
tions were ophmized for maximum signal. However, 
the lower charge state ions represented in the spec- 
trum in Figure 2b are also present but assume a more 
probable relative abundance when integrated into the 
high charge distribution. We contend that this electro- 
spray ion population more accurately represents the 
actual charge distrlbuhon of ions exiting the source. 
Furthermore, it should be noted that application of 
the modulation does not necessarily mcrease the charge 
state distribution. By carefully controlling the amph- 
tudes of the ac and dc components of the applied 
skimmer potential, the number of charge states ob- 
served can be increased or diminished We have ob- 
served as many as 14 charge states of cytochrome c 
and as few as 3. It is not unreasonable to believe that 
more selective charge state dlstrlbuhons are possible. 
Work is in progress to better evaluate the quantita- 
tive aspects of FTICR mass spectra when a modulated 
skimmer potential is employed. This simple modifica- 
tion should improve the ability to evaluate the effect of 
electrospray source conditions on charge state distribu- 
tions and the facility with which lower charge state 
electrospray species are observed. For FTICR applica- 
tions that involve poorly characterized samples, the 
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Figure 2. Comparison electrospray ,oruzation-FTICR spectra of horse heart cytochrome c taken 
with (a) a 12-V apphed sknnmer potentml, (b) a 9-V skimmer potentml, and (c) a 12 + 2 V, 100-Hz 
skimmer potentml. 
modulated skimmer affords significantly enhanced 
performance by ensuring that appropriate conditions 
for trapping are achieved. Finally, the effect of modu-  
lation on other electrospray ionizat ion-mass pectrom- 
etry instruments i  being investigated. 
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